Our understanding of oceanic variability on timescales longer than the time span of direct oceanographic measurements (about a century for most common measurements) relies on our capability to interpret the marine sediment record. Sediment observations have reached the point where hypotheses regarding oceanic conditions during specific time intervals of the geological past can be tested. An interval of preeminent interest is the Last Glacial Maximum (LGM, ca. 20 kyr BP), when large ice sheets occupied North America and northern Europe, and global sea level was reduced by more than 100 m. Much effort has been devoted to estimating oceanic conditions during the LGM, in particular in the Atlantic basin. Hypotheses regarding the ocean circulation during the LGM are particularly relevant, given the postulated role of ocean circulation in climate change. Here we report on a test of the null hypothesis that observations from glacial sediments in the Atlantic basin are consistent with the modern circulation.
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A conventional view
Among the most common measurements performed on glacial sediments are two isotopic ratios of calcite shells of benthic foraminifera (bottom-dwelling organisms): the oxygen isotopic ratio Holocene (black dots; 198 measurements; tion dynamics for the shallow shelf seas in the North Atlantic. Recent advances in geochemical techniques, including the "carbonate clumped isotope" method (Ghosh et al., 2006; Came et al., 2007) , provide an excellent opportunity to reconstruct past ocean temperatures independent of δ 18 O water or salinity using A. islandica and other suitable archives. Although A. islandica is restricted to the North Atlantic, other long-lived bivalves with annual banding, such as the geoduck clam (Panopea abrupta) from the Pacific, can also serve as reliable climate proxies (e.g., Strom et al., 2004) , extending the geographical range in which ocean climate can be reconstructed using the methods described here.
Summary
A. islandica is a remarkable, yet underutilized, marine archive. Geochemical and master shell-growth records have the potential to greatly improve our understanding of key climate events/transitions, as well as ecosystem changes in the North Atlantic throughout much of the Holocene. Its great longevity, its fidelity as a proxy record, and its abundance and wide geographical distribution make A. islandica a key proxy archive for the North Atlantic region.
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The challenge
The conventional notion that the distribution of NADW and AABW was different in the glacial Atlantic has not gone unchallenged. LeGrand and Wunsch (1995) argued that NADW and/or AABW, which are "formed" at high latitudes, could have entered the deep Atlantic with initial δ 13 C values that are different from today, which would then be recorded in the sediment. They showed that different assumptions about these initial values lead to significantly different depictions of these water masses in the glacial Atlantic. Whereas some of the values they assume may not be consistent with recent observations, the effect of varying initial composition on inferences about water mass distribution can be significant (e.g., Rutberg and Peacock, 2006 Atlantic. None of these data, they argued, can provide constraints on the rates of water motion.
New insights
Recently, we have used an updated compilation of benthic δ 18 O and δ 13 C data from Atlantic sediments (Marchal and Curry, 2008; Fig. 1 ) to provide a new test of the null hypothesis that these data are consistent with the modern circulation in the abyssal basin. First, an inverse method was applied to produce an estimate of the abyssal circulation in the modern Atlantic (Fig. 2) . This circulation estimate served as a reference state for the null hypothesis that the sediment data are compatible with the modern flow. Second, the inverse method was used to combine, with the modern flow, estimates of two different water properties derived from the sediment data: The δ C DIC values closest to core locations that are adjusted by more than 2 standard deviations is 8 for the Holocene and 25 for the LGM (Fig. 3) . These numbers correspond, respectively, to 7% and 21% of the total number of δ
13
C DIC values at grid points closest to core locations (note that the number of these points is less than the number of core locations, since more than one core location may have the same grid point as the closest point). Thus, under the assumptions C measurements on the genus Cibicidoides appears to be less than 0.1 ‰ on average (Duplessy et al., 1984) . Measurements of δ 13 C b are clearly useful, but the current uncertainties in the distribution and budget of δ 13 C DIC in the glacial Atlantic must be better understood in order to increase the probability of correctly rejecting H0 (=power of the test).
Prospects
We think that our work significantly extends earlier applications of inverse methods to paleoceanography (LeGrand and Wunsch, 1995; Winguth et al., 2000; Gebbie and Huybers, 2006; Huybers et al., 2007) . It also offers several prospects. The geographic locations where the largest adjustments in δ 13 C DIC estimates are needed to reach consistency with the modern circulation have been identified. These locations provide guidance as to where additional measurements (in sediment as well as in water) should be conducted to better constrain the uncertainties in the glacial δ 13 C DIC estimates and hence increase the power of the test. Furthermore, our work has considered only two types of paleoceanographic observation. Other types of observation have been presented as constraints on deep ocean circulation in the geological past (for a recent review see Lynch-Stieglitz et al., 2007) . Although the number of such observations is much less than the number of δ The symposium will bring together paleo-and modern climatologists, data-producers and modelers working on monsoon variations in different regions. The objectives are to compare monsoon records and simulations from all major regional monsoon systems, to find out their similarities and differences across various timescales, and to unravel the mechanisms causing variations in the global monsoon system and of regional deviations from the global trend.
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